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SUMMARY 
In the present review a number of examples has been made to cover the aspects of 
interactions of phytohormones and nutrients in the growth and development of plants 
which include plant height, leaf area, leaf area index, dry weight, plant growth rate, 
relative growth rate, crop growth rate, net assimilation rate, carbon dioxide exchange 
rate, chlorophyll content, photosynthesis, photosynthetically active radiation, ethylene 
evolution, nitrate reductase activity, carbonic anhydrase activity, nutrient accumulation, 
nitrogen uptake efficiency, nitrogen use efficiency, nitrogen utilization efficiency, 
fertilizer use efficiency, productive use efficiency, nutrient use efficiency, seed yield, seed 
yield merit, seed N content, nitrogen yield merit, merit of genotype biological yield,  
biological yield, harvest index, oil yield, oil content, acid value, iodine value and 
saponification value. So the present study indicates that the process of growth and 
development in addition to the yield of plants is significantly affected by the 
phytohormones along with nutrients in both irrigated and non -irrigated conditions has 
been described in detail. 
Key words: Plant hormones, Nutrients, Growth, Physiological, Biochemical, Nitrogen efficiency, Yield, 
Quality characteristics  
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1. Introduction 
History of civilization begins with the 
evolution of agrarian societies. The practice 
of agriculture is several thousand years old 
and practical discussions of crop  
production goes back to at least 2000 years 
ago, even then, agriculture faces many 
challenges worldwide. In many regions 
production needs to be expanded to provide 
food for growing population, while in 
others, current production levels have to be 
maintained while striving for the right 
balance between intensive agriculture and 
environmental concerns. The production of 
oilseeds in India is one of those areas which 
need to be addressed seriously. The languid 
production of oilseeds has converged the 
attentions of agricultural scientist to 
innovate and implement the improvised 
methods for boosting the yield, through 
proper nutrition, plant protection measures 
and high yielding varieties improved 
agronomic practices, maintaining internal 
hormonal balance and source-sink 
relationship. The traditional agricultural 
economy heavily relies on organic manure 
but could not meet the demands of rising 
populations and, therefore, greater 
efficiency in agriculture is required. In this, 
context, inorganic nutrients, which is 
concerned with acquisition of mineral 
elements from the soil, found to be 
immensely remarkable. The green 
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revolution of India owes much to this form 
of nutrition. Now, when we are on the verge 
of entering into the era of Ever Green 
Revolution, the investigations regarding 
application of nutrients need to be 
thoughtfully considered, which has largely 
been ignored.  
In this context, it may be emphasized 
that work carried out in relation to nutrient is 
voluminous and it is known that application 
of only few nutrients (viz., N, P and K) alter 
the availability and uptake of other nutrients, 
therefore a balanced fertilization is very 
important. Sulphur an important plant 
nutrient is generally not applied to the plants 
except in the case of application of 
phosphorus in the form of single super 
phosphate (SSP) or gypsum. But sulphur, a 
major component of oil and protein structure 
found to enhance both the yield and quality 
of oilseed crops (Pasricha et al., 1988; 
Lakkineni and Abrol, 1992; Dubey et al., 1994; 
Yadav el al., 1996). Along with proper 
nutrition, if plants are supplied with any 
other chemical, which can improve the yield 
then that will be an additional benefit for the 
farmers. One such group of chemicals is 
thought to be the plant growth regulators.  
 
Plant growth regulators  
A phytohormone or plant hormone may 
be defined as an organic substance other 
than a nutrient, active in very minute 
amounts which are formed in certain parts of 
the plant and which are usually translocated 
to other sites, where it evokes specific 
biochemical, physiological and/or 
morphological responses. Thus plant growth 
regulator is organic substances which in low 
concentration promotes, inhibits or modify 
growth and development, whereas growth 
inhibitor is an organic compound that 
retards growth generally. Hence, all 
hormones are plant growth substances i.e. 
natural plant products but opposite is not 
true. The precise location of synthesis of 
phytohormones is uncertain out actively 
growing leaves, fruits and developing seeds 
are thought to be the active sites of synthesis 
of phytohormones. However, it appears that 
all tissues have the potential to produce any 
of the phytohormones, which are transported 
via the xylem or phloem and by diffusion 
such as in the case of ethylene. They occur in 
plants as free and conjugated forms. The 
latter are conjugates of sugars, amino acids 
and possibly peptides. The free forms are 
generally considered to be biologically active, 
while conjugates are viewed as functioning 
in controlling levels of the more active free 
forms transport and storage. But 
phytohormones a major component of oil 
and protein structure found to enhance both 
the yield and quality of oilseed crops (Khan, 
1996a; Khan, 1997; Khan et al., 1997 b; Khan, 
1998; Khan et al., 2002 b; Lone et al., 2005; Mir 
et al., 2009 a). The plant hormones are 
extremely important agent in the integration 
of developmental activities. Environmental 
factors often exert inductive effects by 
evoking changes in hormone metabolism 
and distribution within the plant. Apart from 
it, they also regulate expression of the 
intrinsic genetic potential of plants. 
Generally mechanisms of action of 
phytohormones are poorly understood. 
However, several mechanisms or 
combinations may be operative. Control of 
genetic expression has been demonstrated 
for the phytohormones at both the 
transcriptional and translational levels. Also, 
hormones receptors and binding proteins 
have been identified on membrane surface 
that are specific for some phytohormones. 
The type and abundance of these proteins 
appear to be important in determining the 
sensitivity of the tissues' to differing 
concentrations and types of phytohormones, 
during development and changing 
environment. 
 
Mineral nutrition 
Mineral nutrition includes the supply, 
absorption, utilization of essential nutrients 
for growth and yield of crop plants. This is 
not known with certainty when humans first 
incorporated organic substances, manures or 
wood ashes as fertilizers in the soil to 
stimulate plant growth. However, it is 
documented that as early as 2500 B.C., 
humans recognized the richness and fertility 
of alluvial soils in valleys of the Tigris and 
Euphrates rivers (Hewitt, 1963; Tisdale et al., 
1985). Early progress in the development of 
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understanding of soil fertility and nutrition 
concept was slow, although the Greeks and 
Romans made significant contributions in 
the years 800 to 200 B.C. (Marschner, 1986; 
Westerman and Tucker, 1987). It was only to 
the credit of Justus Von Leibig (1803-1873) 
that the scattered information concerning the 
importance of mineral nutrients for plant 
growth was collected and summarized the 
mineral nutrition of plants and was 
established as a scientific discipline 
(Marschner, 1983). Plants contain small 
amounts of about more than hundred 
elements but only 17 elements are known to 
be essential (Epstein, 1972; Fageria, 1984; 
Salisbury and Ross, 1994). The exclusive 
requirements of inorganic nutrients in higher 
plants basically distinguish them from man, 
animals and a number of micro-organisms, 
which additionally need organic compounds. 
 Plants respond to environmental 
perturbations with a wide range of 
physiological and developmental 
adjustments. An adaptive change to 
variations in nutrient availability represents 
an important group of these metabolic 
responses, which often constitute the most 
stringent factors limiting plant distributions 
and productivity (Clarkson and Luttge, 
1991). There are many instances which 
suggest that nutrients and growth regulators 
can interact in a variety of ways. Deficient 
and toxic leves of nutrients can affect the 
concentrations of specific hormones, and in 
turn, hormones have the capacity to direct 
the translocation and accumulation of 
nutrients in plants (Kuiper, 1988; Kuiper et 
al., 1989). Actually, the nutritional status of a 
plant in common with other environmental 
factors which influence its metabolism and 
growth can affect the synthesis and 
distribution of growth substances (Haru et 
al., 1982; Green, 1983). Contradictory reports 
were observed about the influence of growth 
regulators on absorption and transport of 
ions either directly, because of some 
interaction with membrances (Lea and 
Collins, 1979) or indirectly through effects on 
metabolism. Considering the complex 
interactions of plant hormones and the 
multiplicity of plant functions they control, 
the impact of nutrients on hormones is an 
important issue (Whenham et al, 1989; 
Thorsteninsson and Eliasson, 1990; Arshad 
and Frankenberger, 1991; Cao et al., 1993). 
In the following pages, attempt has been 
made to cover the aspects of interactions of 
plant growth regulators with nutrients 
application. 
 
2. Interaction effect on growth 
characteristics 
Growth of the plant was found to be 
influenced by the interaaction of hormones 
and nutrients. Alvim (1960) reported that 
plant height of kidney bean (Phaseolus 
vulgaris L.) responded positively when urea 
was sprayed along with GA3 spray, while 
urea alone was phohibitive. Enhancement 
with the applicantion of GA3 and K was 
observed in sunflower (Dela Gaurdia and 
Benlloch, 1980), but the relative response to 
the GA3 treatment decreased with increasing 
K levesl (Erdei and Dhakal, 1986). 
Retardation in the plant height of gobhi 
saraon (Brassica napus L.) by the foliar spray 
of CCC and ethrel at all the levels of nitrogen 
was noted and the reduction was more 
pronounced in the absence of nitrogen 
(Grewal et al., 1993). The flower number of 
different crops was found to be positively 
responsive towards exogenous application of 
growth substances (Morgan et al., 1983; 
Friends, 1985). It was observed that 
treatment with kinetin along with 
phosphorus enhanced the flower number of 
tomato (Lycopersicon esculentum. Mill), while 
marked decrease was noted in phosphorus 
deficient plants. Grewal and Gill (1986) 
reported that in a field grown paddy (Oryza 
sativa L.), leaf area index of the crop 
increased with the foliar spray of NAA (100 
and 200 mg/l) and nitrogen (0, 60, 90 and 120 
kg N/ha), while again Grewal et al. (1993) 
noted that in a field grown Brassica napus L. 
foliar spray of CCC (250 and 500 ppm) and 
ethrel (500, 1000 and 15000 ppm), in absence 
of N application considerably reduced the 
leaf area index of the crop. At 50 kg N/ha, 
250 ppm CCC and 500 ppm ethrel the crop 
retained more LAI, whereas at 100 kg N/ha, 
500 ppm CCC and 1000 ppm ethrel proved to 
be more beneficial. The findings are in close 
conformity with Bangal et al. (1982) and 
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Singh et al. (1987). A stimulative effect of GA3 
sprays was found for total dry weight, while 
urea did not show any effect on this (Alvim, 
1960) in Phaseolus vulgaris. (Etherl spray (400 
or 600 ppm) along with basal (45 or 60 kg/ha) 
and foliar application (0 or 10 kg/ha) of N 
increased leaf area index and dry mass of 
mustard (Khan, 1996). In various studies on 
mustard, Khan et al. (2000), Mir (2002), Mir et 
al. (2008 a), Mir et al. (2009 b,c), Lone et al. 
(2010) and Mir et al. (2010 a,b) reported that 
at 0 or 40 kg N/ha, ethrel did not produce 
any significant effect, but at basal 80 kg N/ha, 
ethrel affected growth parameters like plant 
height, leaf number, leaf area, LAI and total 
dry matter. Similar enhancement in leaf area 
index and dry mass of mustard was noted 
with GA3 and N interaction in mustard 
(Khan et al., 1996; Khan et al., 2002 a). Plant 
growth rate (PGR), relative growth rate 
(RGR), crop growth arte (CGR), and carbon 
dioxide exchange rate (CER) were increased 
by the application of 10-4 GA3 at optimal level 
of nitrogen 80 kg N/ha (Khan et al., 2002 a).  
Exogenous application of CCC and mepiquat 
chloride enhanced the crop growth rate of 
groundunt (Jeyakumar and Thangraj, 1996). 
However, RGR was decreased by CCC 
application in Plantgo major (Dijksrtra and 
Kiuper, 1989). While 400 ppm of CCC 
exogenously applied enhanced CGR, RGR 
and NAR of Brassica juncea   under non -
irrigated conditions (Lone, 2001).  
 
3. Interaction effect on physiological 
characteristics  
a. Chlorophyll content 
Chlorophyll content of plants was 
observed to be invariably influenced with the 
application of growth substances and 
supplementation of nutrients. When Palmer 
and Phillips (1963) applied IAA with 
nitrogen, an increase in the chlorophyll 
content of sunflower (Helianthus annuus L.) 
was noted. In 1991, Meyappan et al. noticed 
that combined application of NAA + Borax 
increased the total chlorophyll content of 
Arachis hypogea L. Grewal and Gill (1986) 
recorded an increase in chlorophyll content 
of paddy (Oryza sativa L.) in response to 
foliar application of NAA with nitrogen. 
Furthr Grewal et al. (1993) obsrved that 
cholorophyll content in Brassica napus was 
significantly improved when CCC (250 and 
500 ppm) and ethrel (500 ppm) was applied 
in combination with 50 and 100 kg/N/ha. 
But conversely to this, Bashist (1988) recordd 
a prohibitive efect of GA3  applicaion along 
with nitrate on chlorophyll content of sesame 
(Sesamum indicum L.) 
 
b. Photosynthesis 
Positive trend in photosynthetic activity 
of the groundnut was recorded in response 
to NAA and Borax application (Meyapan et 
al., 1991). While exposure of sesame 
seedlings to CCC and nitrate increased the 
photosynthetic activity (Bashist, 1990). 
Grewal et al. (1993) observed indirect 
evidence of improved photosynthetic 
activities by enhancing chlorophyll content 
and retaining higher LAI with nitrogen (50 
and 100 kg/ha), spray of CCC (250 and 500 
ppm) and ethrel (500 ppm). Interaction of 
GA3 with N was found to enhance 
photosynthesis in mustard (Ansari, 1996; 
Khan et al., 1996; Khan et al., 1997 a). Ethrel 
spray (200 ppm) with N levels (0, 40, 80, and 
120 kg/ha) showed positive effect on 
photosynthetic rate up to 80 kg N/ha in 
mustard (Khan et al., 2000; Lone, 2001; Mir, 
2002; Khan, 2004 a,b; Khan et al., 2007; Mir et 
al.,  2008 a; Mir et al., 2009 b; Lone et al., 2010; 
Mir et al., 2010 a,b). 
 
c. Photosythetically active radiation  
In a field grown paddy (Oryza sativa L.), 
Grewal and Gill (1986) obsrved that foliar 
application of NAA and nitrogen 
significantly enahnced the photosynthetically 
active radiaiton. Grewal and Kolar (1990) 
noted that increase in N (0, 50 and 100 
kg/ha) helped the crop canopy to trap more 
radiation. CCC at 250 or 500 ppm and ethrel 
at 500 ppm further improved the radiation 
interception. However, in the absence of N 
application, all growth regulators treatment 
had negative effects on PAR interception of 
Brassica juncea L., further Grewal et al. (1993) 
reached to similar conclusion while working 
with Brassica napus L. 
 
d. Ethylene evolution 
The plant regulator ethrel at 200 µL/L 
along with basal basal 80 kg N/ha 
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significantly increased the 1-
aminocyclopropane-1-carboxylic acid (ACC) 
content, ACC -oxidase activity and ethylene 
production in leaves of Brassica juncea (Mir, 
2002; Mir et al., 2008 b) 
 
4. Interaction effect on biochemical 
characteristics 
a. Nitrate reductase activity 
Khan et al. (1996) reported impressive 
increase in the nitrate reductase activity 
(NRA) of mustard leaves in response to GA3 
application at optimal basal of nitrogen. At 
basal 80 kg N/ha, ethrel 200 µL/L 
significantly increased the nitrate reductase 
activity in leaves of Brassica juncea (Mir, 2002; 
Mir et al., 2008 a; Lone et al., 2010). 
 
b. Carbonic anhydrase activity 
Khan et al. (1996) reported that carbonic 
anhydrase (CA) activity were significantly 
increased by the application of GA3  at 
optimal basal level of nitrogen. 
 
c. Nutrient accumulation 
Bostrack and Struckmeyer (1964) 
reported a negative trend in the uptake of 
potassium, when plants of soybean (Glycine 
max) grown with nitrogen (70, 210 and 630 
mg/l) potassium (117.8, 235.6 and 1178 
mg/l) and phosphorus (16, 32 and 160 mg/I) 
was sprayed with 50 mg/l) GA3. In addition 
to this, kinetin induced preferential uptake of 
phosphorus, reported in corn (Zea mays) 
leaves by Muller and Leopold (1966). When 
Kannan and Mathew (1968) exposed bean 
(Phaseolus vulgaris) and maize (Zea mays L.) 
with GA3 and TIBA (10-5 M), CC (5x10-4 M), 
kinetin and AMO-1618 (10-4M), differentaila 
pattern in the transport of iron was recorded 
Iron translocation was found to be more 
affected by Alar than by GA3 or CCC. Bashist 
(1988) noted that gibberellic acid treatment 
markedly inhibited nitrate uptake in 
sesamum. Contradictory reports of 
translocation of potassium was noted, when 
Erdei and Dhakal (1988) treated winter 
wheat to different potassium status (0.01 to 
10 mM) and phytohormones (NAA, BA, 
GA3, ABA and ethrel). In low K+ plants, GA3, 
ethylene and ABA stimulated K+ uptake. 
NAA and BA inhibited K+ uptake. In high K+ 
plants, the effects of GA3, ethylene and ABA 
were similar to that in low K+ uptake. 
However, BA and NAA had opposite effects 
stimulaing the K+ uptake. A positive 
response of foliar spray for growth 
regulators (NAA, IAA and Resorcinol) on 
nitrogen uptake in pearl millet (Pennisetum 
typhoides) was noticed by Rangacharya and 
Bawankar (1991). In sunflower (Helianthus 
annuus L.) Reddy et al. (1996) found 
improvement in the uptake of nitrogen, 
phosphorus, potassium and sulphur with 
increase in levels of sulphur (0, 15, 30 and 45 
kg/ha) and benzyladenine (0, 20, 40 and 60 
ppm). In Brassica juncea increase in N uptake 
and NR activity has been reported (Khan et 
al., 1996) with GA3 and N application and K 
uptake with ethrel and N application (Khan 
et al., 2000; Mir, 2002; Khan et al., 2007; Mi et 
al. 2009 b,c). 
 
5. Interaction effect on nitrogen, 
fertilizer, productive and nutrient use 
efficiency characteristics 
Mir (2002) reported impressive increase 
in the nitrogen uptake efficiency, nitrogen 
use efficiency and nitrogen utilization 
efficiency of mustard in response to ethrel 
application at basal 80 kg N/ha.  Ethrel (200 
pm) and cycocel (400 ppm) at 60 kg N/ha 
showed significant results on productive use 
efficiency and nitrogen use efficiency (Lone, 
2001). Similarly nitrogen use efficiency, 
fertilizer use efficiency, productive use 
efficiency and nutrient use efficiency of 
mustard were significantly increased by GA3 
at optimal level of nitrogen 80 kg N/ha 
(Ansari, 1996; Khan and Samiullah, 1997 a; 
Khan et al., 2002 a ). 
 
6. Interaction effects on yield 
characteristics 
a. Seed yield 
Foliar spray of growth regulators (2-4-D, 
Atrataf, NAA and CCC) and urea at the time 
of flowering affected the grain weight per 
plant in Cicer arientum L. Significiant increase 
was observed in seed yield with the 
combined application of NAA (25 ppm) and 
urea (1%) (Bangal et al., 1982). In a field 
experiment, Zhukov and Reutov (1985) 
noted that complex application of calculated 
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rates of fertilizers, 2-4-D and CCC resulted in 
an increase in grain yield of winter wheat 
(Triticum aestivum L.) The beneficial effect of 
foliar spray of NAA on the grain yield of 
paddy (Oryza sativa L.) under low level of N 
(0 and 60 kg/ha) was reported by Grewal 
and Gill (1986). This improvement was 
associated with increase in the number of 
ear-bearing shoots/plants, number of filled 
grains/panicle and grain weight. Sawan et al. 
(1988) observed nd enhancement in the seed 
yield of cotton (Gossypium barbadense L.) with 
the combined application of growth 
regulators (IAA, IBA and NAA) and 
increasing levels of N (72, 144 or 216 kg/ha) 
and phosphorus (36 or 72 kg P2O5/ha). Oil 
percentage was found to be influenced with 
the application of growth regulators and 
high P level, and followed an upward trend. 
In accordance with this, Uppar and Kulkarni 
(1989) were also able to produce highest seed 
yield of sunflower (Helianthus annuus L.), 
when nitrogen (120 kg/ha) was applied in 
combination with TIBA (250 ppm). Ramos et 
al. (1989) reported that, an early application 
of sulphur with foliar spray of ethephon on 
spring barley (Hordeum vulgare L.) brough 
about a remarable enhancement in the grain 
yield, without modifying the 1000 grain 
weight. In a field trials, Rangacharya and 
Bawankar (1991) noticed an increase in the 
grain yield of pearl millet (Pennisetum 
typhoides) with the application of NAA along 
with N (60 kg/ha) and P (30 kg/ha) 
application. Bergmann and Eckert (1990) 
conlcuded that sufficient nitrogen supply 
was an essential requirement for increasing 
the yield of rye and barley by mono 
ethanolamine (EA). A marked improvement 
in the grain yield of Brassica napus L. was 
observed when nitrogen was available at the 
rate of 50 kg/ha along with foliar spray of 
CCC (250 ppm) and ethrel (1500 ppm). The 
combined effect of growth regulators and 
nitrogen could not change the oil content. 
But application of nitrogen enhanced oil 
content significantly (Grewal et al., 1993). 
Significant increase in yield attributing 
parameters and seed yield has also been 
reported from author’s laboratory in mustard 
crop. Ehtrel spray along with N increased 
pod number, seed number, 1000 seed weight, 
seed yield, seed yield merit, seed N content, 
nitrogen yield merit and merit of genotype 
under irrigated conditions (Khan, 1996 b; 
Mir, 2002; Mir et al., 2008 a) and under un-
irrigated conditions (Khan et al., 2000; Lone, 
2001; Mir, 2002; Mir et al., 2008 a; Mir et al., 
2009 c; Lone et al., 2010). Similarly, GA3 with 
N showed enhancement in yield (Khan et al., 
1996) and GA3 and N and P registered 
increase in yield and its attributing 
parameters (Ansari, 1996; Khan and 
Samiullah, 1997 b; Khan et al., 1997 a,b; Khan, 
et al., 1998; Khan et al., 1999). 
 
b. Biological yield 
Biological yield and merit of genotype 
were enhanced by ethrel at 80 kg N/ha in 
mustard under irrigated and non- irrigated 
conditions (Khan et al., 2000; Mir, 2002; Mir et 
al., 2009 c). Lone (2001) also reported that 
ethrel (200 ppm) and cycocel (400 ppm) at 60 
kg N/ha showed significant results on 
biological yield. GA3  at the optimal level of 
sulphur increased the biological yield 
(Mobin, 2001). 
 
c. Harvest index 
Exogenous application of ethrel (200 
µL/L) along with basal 80 kg N/ha increased 
the harvest index in mustard (Khan et al., 
2000; Mir, 2002; Mir et al., 2009 c). Cycocel 
(400 ppm) and ethrel (200 ppm) increased the 
harvest index at 60 kg N/ha (Lone, 2001). 
 
d. Oil yield 
Khan (1996), Khan et al. (2000), Lone 
(2001) and Mir (2002) reported impressive 
increase in the oil yield of mustard in 
response to ethrel and CCC application at 
basal 80 kg N/ha and 60 kg N/ha. Mobin 
(1999) also reported that the application of 
GA3 along with sulphur increases the oil 
yield. 
 
7. Interaction effect on quality 
characteristics 
In an experiment on mustard (Brassica 
juncea L.) interaction effect on GA3 and basal 
N and P levels on fatty acid composition was 
found non significant (Khan et al., 1997 b). 
Oil content, acid value, iodine value and 
saponification value were enhanced by ethrel 
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(200 µL/L) with nitrogen 80 kg N/ha and 
CCC (400 ppm) with 60 kg N/ha in mustard 
under irrigated and non -irrigated conditions 
(Lone, 2001; Mir, 2002).  
 
8. Conclusions 
 This study highlights the pivotal role 
played by the plant growth regulators along 
with nutrients on plant growth and 
development by affecting various growth 
characteristics like: plant height, leaf area, 
leaf area index, dry weight, plant growth 
rate, relative growth rate, crop growth rate, 
net assimilation rate, carbon dioxide 
exchange rate; physiological characteristics 
like chlorophyll content, photosynthesis, 
photosynthetically active radiation, ethylene 
evolution; biochemical characteristics like 
nitrate reductase activity, carbonic anhydrase 
activity, nutrient accumulation; nitrogen 
efficiency characteristics like nitrogen uptake 
efficiency, nitrogen use efficiency, nitrogen 
utilization efficiency, fertilizer use efficiency, 
productive use efficiency, nutrient use 
efficiency in addition to yield characteristics 
like; pod number, seed number, 1000 seed 
weight and seed yield, seed yield merit, seed 
N content, nitrogen yield merit, merit of 
genotype, biological yield, harvest index, oil 
yield and quality characteristics like oil 
content, acid value, iodine value and 
saponification value. 
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